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TENDON REPAIR CLIP IMPLANT 

CONTRACTUAL ORIGIN OF THE INVENTION 

The invention described herein may be manufactured, 
licensed and used by or for governmental purposes Without 
payment of any royalties to me thereon. 

FIELD OF THE INVENTION 

The invention relates to a tendon repair clip implant that 
provides suf?cient grip strength to alloW active ROM post 
tendon repair that is loW pro?le enough to alloW intrasyn 
ovial immediate active range of motion. The tendon clip 
implant utiliZes alternating volar prong crimping to interlock 
various collagen bands. Multiple dorsal spikes of the tendon 
repair clip implant apparatus also interlock With collagen 
bundles and their cross links. The tendon repair clip implant 
apparatus effectively Works as a tension sharing device. It is 
placed on the side of greatest tension of the tendon, Which 
is the dorsal side to provide more resistance to gapping. 

BACKGROUND OF THE INVENTION 

Hand and ?nger lacerations have been estimated to have 
an annual incidence as high as 6,946,000 in the Unites 
States. 

Tendon injuries often occur With hand lacerations. 
Additionally, tendon ruptures can also occur When there is 
no laceration. These are most commonly due to rheumatoid 
arthritis or post fracture attritional rupture. Inadvertent lac 
eration during surgery can also occur. The management of 
these injuries continue to challenge the most experienced of 
surgeons, and this is particularly bothersome, as it has been 
shoWn that sutures placed in the dorsal half of tendons create 
a stronger repair than the traditional Way that sutures are 
placed in the palmer side. Over the past 20 years or so, a 
considerable amount of research has been conducted on 
understanding the anatomy, healing properties, biomechani 
cal forces, the strengths of various repairs and rehabilitation 
programs post repair of ?exor and extensor tendon injuries. 

Ochiai et al.1 detailed the vascular anatomy of the ?exor 
tendons and postulated the import of the vincula and dor 
sally located central vascular supply. Through multiple 
animal and invitro studies G. Lundborg2, and R. Gelberman 
et al.3 have shoWn that ?exor tendons have an intrinsic 
capacity for healing that does not require a vascular supply 
to the tendon itself. Their studies shoW that most of the 
tendon’s nutrition comes by diffusion via the synovial ?uid. 
1.N. Ochiai et al.: Vascular Anatomy of Flexor Tendons JHS 4:321, 1979. 
2.G. Lundborg: Experimental intrinsic healing of ?exor tendons based upon 
synovial ?uid nutrition. JHS 3:21-31, 1978. 
3.Gelberman, R. et al.: Tendon, in Woo SLY, BuckWalter JA (eds): Injury and 
Repair of the Musculoskeletal Soft Tissues. Park Ridge, Ill: AAOS, 1988, 
pp5-40. 

Gelberman et al. has also shoWn that the tensile strength 
and gliding ability of a tendon repair is enhanced With 
mobiliZation and that the more the excursion and the fre 
quency of the motion of the tendon, the better the ?nal 
outcome. This information has given rise to various passive 
and limited active motion rehabilitation protocols Which 
emphasiZe motion of the repaired ?exor tendon. 

Accordingly, the current belief is that if a repair could be 
achieved that Would alloW early active ?exion and exten 
sion, this Would give the best functional results. Also, it is 
believed, that, if repair is achieved that Would alloW early 
active ?exion and extension, this Would further decrease the 
need for close occupational therapy supervision and the need 
for special complex and costly splints. 
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2 
At the National Hand Center in Baltimore, Maryland 

Union Memorial Hospital, the current estimated cost of 
rehabilitation for a single digit ?exor tendon laceration 
ranges betWeen about $2,900.00 and $3,100.00 dollars per 
person. 
US. Pat. No. 4,519,392 discloses hemostasing muscle 

clips for needleless surgery comprising tWo opposing 
toothed jaWs, a hinge connecting the jaWs and an open end 
With a locking means. A combination of tWo hemostasing 
muscle clips connected by suture material is used in stra 
bismus surgery, thereby eliminating the need for suture and 
needle. 

R. Savage4 has shoWn that the in vitro strength of the 
repair is proportional to the number of sutures crossing the 
repair site. His complex six stranded technique Was three 
times as strong as the tWo stranded technique. HoWever, 
these complicated multi-strand techniques are extremely 
bulky, technically dif?cult to perform and potentially dam 
aging to the tendon and the vascular supply of the tendon. 
4.R. Savage: In Vitro Studies of a neW method of Flexor Tendon Repair. JHS 

(B) 1985,:10:135—141 
Currently, none of the multitude of suturing techniques 

are suf?ciently strong enough to alloW for active range of 
motion throughout the healing process. 

Therefore, there is a need extant in the art of tendon repair 
techniques, to provide apparatus and techniques for achiev 
ing a repair that enables early active ranges of motion of the 
tendons. 

SUMMARY OF THE INVENTION 

One object of the present invention is to provide a tendon 
repair clip implant apparatus that provides suf?cient grip 
strength to alloW active ROM post tendon repair that is loW 
pro?le enough to alloW intra-synovial immediate active 
range of motion. 

Another object of the invention is to provide a tendon 
repair clip implant apparatus having alternating volar prong 
crimping that serves to interlock various collagen bands. 
A further object of the invention is to provide a tendon 

repair clip implant apparatus having multiple dorsal spikes 
that also interlock With the collagen bundles and their cross 
links. 
A still further object of the invention is to provide a 

tendon repair clip implant apparatus that functions as a 
tension sharing device during the repair process. 
A yet further object of the invention is to provide a 

non-absorbable braided suture and metal clip combination of 
a tendon repair clip implant that is durable enough to 
Withstand thousands of repetitious movements of the tendon 
over the tWo to four month period of time a patient needs for 
rehabilitation. 
A further object yet still of the invention is to provide a 

non-absorbable braided suture clip combination of a clip 
suture-clip that alloWs for ?exibility to negotiate the tWists 
and turns that a tendon experiences. 

Other objects of the invention Will become apparent upon 
revieW of the brief description of the draWings and detailed 
description of the preferred embodiments of the invention. 

In general, the invention is accomplished by preparing a 
tendon repair clip implant system for placement on the 
dorsal side of a lacerated or torn tendon to alloW active range 
of motion post tendon repair, comprising: 
A) a ?rst and second clip, each clip comprising: 

i) tWo serrated sections joined by integral connecting 
means; said serrated sections being urgeable together 
to provide opposing mating teeth connection by 
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arculate bending longitudinally around an axis of 
said connecting means; 

ii) said repair clip further comprising tWo relatively ?at 
surfaces adjoining said connecting means and having 
opening means therein through Which sutures may be 
threaded and draWn through a lacerated tendon to 
assist in holding said tendon together; said openings 
being centered betWeen a plurality of spike means 
extending from undersides of said ?at surfaces to 
function as tendon inserts to assist in holding the 
lacerated tendon together. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs a pre-application vieW in perspective of the 
tendon repair clip implant apparatus of the invention. 

FIG. 2 shoWs a partially closed volar vieW of the tendon 
repair clip implant apparatus of the invention. 

FIG. 3 is a separated vieW of a ruptured tendon Wherein 
an enlarged cross section detail shoW a beveled edge to 
prevent suture rupture, and an enlarged detailed vieW of 
dorsal spikes in the tendon is shoWn. 

FIG. 4 shoWs a vieW of a torn tendon With the tendon 
repair clip implants ?xed thereon, With the dorsal perfora 
tions omitted, but shoWing epitendinous suture. 

FIG. 5 is a volar vieW shoWing a crimping sequence to 
maximiZe ?ber lock using the tendon repair clip implant of 
the invention. 

FIG. 6 shoWs a dorsal vieW of another embodiment of the 
invention, ?xed about a torn or lacerated tendon using spikes 
having different angles. 

FIG. 7 shoWs a volar vieW of the tendon repair clip 
implant ?xed about a lacerated tendon. 

FIG. 8 shoWs axial vieWs of tWo different embodiments of 
the tendon repair clip implant of the invention. 

FIG. 9 depicts side vieWs of the barbed sections of tWo 
different embodiments of the tendon repair clip implant of 
the invention, Wherein the barbs are straight and curved, and 
Wherein the arroW shoWs the line of tension on the tension 
side of the tendon or the dorsal side. 

FIG. 10 depicts a ?nger With torn tendons With the clip of 
the invention positioned on the dorsal surface of each 
tendon. 

FIG. 11 shoWs the clip With some of its prongs crimped 
to engage or penetrate the volar surface of the tendon. 

FIG. 12 depicts the clip With its remaining set of prongs 
crimped to grab or engage different bundles of collagen 
?bers. 

FIG. 13 is a top vieW of FIG. 11. 
FIG. 14 is a top vieW of FIG. 12. 

FIG. 15 depicts tWo cut ends of a tendon With crimped 
clips in place With the ?rst throW of the core suture entering 
the cut surface midWay betWeen the volar and dorsal sur 
faces of the tendon on one side, and Wherein the suture is 
passed up through one of the suture holes in the tendon clip 
on the same side. 

FIG. 16 shoWs a severed tendon Wherein the course of the 
suture has been passed doWn through the adjoining suture 
hole shoWn in FIG. 15 and draWn through the cut surface 
near the opposite side of its starting entry, and passed 
through the second cut surface and up through one of the 
suture holes. 

FIG. 17 depicts a severed tendon, as in FIG. 15 Wherein 
the suture has been draWn through the adjoining suture hole 
on the right hand side of the tendon and further draWn so as 
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4 
to exit the area opposite of its entry and obtain enough loose 
suture betWeen the severed tendon gap to enable tying of a 
knot. 

FIG. 18 shoWs a knot tied in the area betWeen the severed 
tendon, after the tendon is draWn together by pulling on the 
loose ends of the suture in the gap betWeen the severed 
tendon. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Illustrated in the draWings is an apparatus for repairing 
tendons that provides suf?cient grip strength to alloW active 
ROM post tendon repair that is loW pro?le enough to alloW 
intrasynovial immediate active ROM (Range Of Motion). 

FIG. 1 shoWs a vieW in perspective of a clip 10 in its 
pre-application form, Wherein a hinged middle section 11 
connects tWo adjoining sections 12 containing integral 
spikes 13 extending therefrom, and Wherein sections 12 
have openings O around Which base portions of spikes 13 
are disposed. As can be seen from FIG. 1, the surfaces of 
sections 12 extend doWnWardly and terminate in a series of 
teeth or serrations 14 Which serve as opposing jaWs When the 
tendon clip is folded axially along its slightly elevated 
hinged section 11, as shoWn in the volar vieW of FIG. 2, 
Wherein the teeth 14 are bent or crimped. 

In FIG. 2, the opening or holes through Which the sutures 
are placed When using the tendon repair clip implant to hold 
the tendon in place is noW disposed at the bottom of the volar 
vieW With crimped anchors or serrations. 

FIG. 3 depicts a severed tendon sectioned to shoW the 
dorsal D and volar V regions, Wherein the tendon clips of the 
invention have been crimped about the tendons so that the 
slightly elevated hinged portions of the clamp 11 are dis 
posed on top. As can be seen in FIG. 3, a permanent suture 
PS has been placed through the tendons and threaded 
through the openings O, as can best be seen from the 
enlarged projected square section of the left side vieW of the 
severed tendon. The enlarged projected square section from 
the right side vieW of the severed tendon of FIG. 3 depicts 
a detailed vieW of dorsal spikes (ghosted or phantomed). 
A complete joining of the severed tendon of FIG. 3 is 

shoWn in FIG. 4, Wherein a series of epitendinous sutures ES 
is apparent, and the central dorsal vascular supply CDVS is 
shoWn by the tWo arroWed line. 

FIG. 5 is a volar vieW shoWing the crimping sequence of 
the repair clip that is utiliZed to maximiZe ?ber lock. 

In practicing the invention, the design of the tendon clip 
implant is such as to spare or maintain the blood supply to 
the tendon, Which already has a limited vascular supply. 
Tendons, although attached to muscles have a completely 
different structure and means of vascular supply than 
muscles, and this is especially the case With ?exor tendons. 

Finger ?exor tendons must glide upWards of 6—8 centi 
meters Within a tube or sheath, and as a consequence, their 
vascular supply can only enter at the ends of the tube and the 
sites of tendon attachments. This permits remarkable motion 
Without being tethered by the vessels. In fact, it is the dorsal 
aspect of the tendon Where the main blood supply travels. 

Therefore, the tendon clip must not crush the tendon at 
one point, as this Would effectively cut-off the blood supply 
to the rest of the tendon doWn stream, and Would cause the 
rupture of a normal non-injured tendon and thereby interfere 
With the healing of a neWly repaired tendon. 

The tendon clip of the invention has a slightly elevated 
segment to protect the dorsal central artery and veins, and no 
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intratendinous prongs are placed in the midline Where the 
main vessels run. 

Also, the intratendinous prongs of the tendon clip of the 
invention is designed to hold the con?guration of the tendon 
so that the tendon is not crushed or strangulated of its blood 
supply even as it gets pulled around a pulley/bone along its 
course. The con?guration of the design of the tendon repair 
clip implant of the invention alloWs it to be placed dorsally 
or volarly Without disrupting the blood supply. 

The design of the tendon repair clip implant of the 
invention is also an acknoWledgment of the fact that a 
second Way that tendons receive nutrition is by diffusion 
through the surrounding synovial ?uid that the tendon is 
bathed in. This is accomplished by designing the tendon 
repair clip implant so that it has in it, multiple fenestrations 
to alloW the ?uid access to the tendon ?ber producing cells. 

Further, the tendon repair clip implant design of the 
invention is designed to spread out the gripping force over 
a larger area along the axis of the tendon, and the edges of 
the tendon repair clip implant are beveled so that the tendon 
?bers Will not be cut as the tendon bends around the pulleys 
that guide the tendons. For example, the tendon may need to 
bend >90° around some pulleys. 

The tendon clip is designed to be as thin and yet as strong 
as possible because the clip Will need to Withstand forces of 
at least ten times What the eye muscles referred to in US. 
Pat. No. 4,519,392 can generate, and yet ?t Within a sheath 
that is closely matched in contour and siZe With the tendon. 
Because of the signi?cant amount of excursion around 
various pulleys and bones that a tendon must travel, the clip 
of the invention must also have a loW pro?le that Will not 
catch on any of these structures. Preferably, the clip Will be 
made of metals (i.e. titanium and surgical steel, etc.), as 
these Would have the strength per unit area needed to 
Withstand the necessary forces and yet be able to be con 
toured close enough to the tendon to alloW gliding. 

In the case of implants used to surgically repair organs 
such as muscles or tendons, in order for the materials to be 
absorbed by the body there must be an in?ammatory reac 
tion to degrade the material. This creates scarring Which is 
?ne for the muscles in the eye (as is the case With US. Pat. 
No. 4,519,392) as it helps hold the cut ends of the muscle 
together, but excess scarring in a tendon tethers the tendon 
to the scar and prevents the movement/gliding of the 
tendon—thereby creating a stiff, useless repair. 
As stated in US. Pat. No. 4,519,392, the muscle clip is 

only expected to hold the muscles ends for approximately 
tWo Weeks because With the rich blood supply of the muscle 
that is the time it takes for the ends of the muscle to scar 
doWn. 

HoWever, tendon repairs take an average of six to eight 
Weeks to heal and then another four to six Weeks to mature 
because of their unique anatomy, and their limited vascular 
supply and the amount of force that can potentially be 
generated by the forearm muscles. For these reasons, a 
tendon clip Would need to be durable enough to Withstand 
thousands of repetitions over this tWo to four month period 
of time as the patient undergoes rehabilitation. The non 
absorbable braided suture and metal clip combination of the 
tendon repair clip implant of the invention meets these 
requirements. 

While there are some loose similarities betWeen the 
tendon clip of the invention and the muscle clip disclosed in 
US. Pat. No. 4,519,392, under close scrutiny, it is apparent 
that their basic design and purpose are fundamentally dif 
ferent. This is because the purposes and requirements are 
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6 
different—for example, the muscle clip design disclosed in 
US. Pat. No. 4,519,392 is for purposes of grasping a 
relatively broad ?at rich vascular tissue to provide hemo 
stasis for a short period of time and resist the relatively small 
force of an eye muscle Whereas the tendon clip of the 
invention is con?gured and designed to grasp an oval poorly 
vasculariZed tissue Without injuring the vascular supply or 
the diffusion of nutrients to the vital cells for a prolonged 
period of time and still resist the signi?cant force of the 
forearm muscles. 
An alternative version of the tendon repair clip implant 

combination non-absorbable braided suture is shoWn in FIG. 
6, Wherein clamps having spikes disposed at different angles 
are used together as optionA and option B. FIG. 6 is a dorsal 
vieW of a tendon sutured in place in combination With the 
clip, and shoWing the central dorsal vascular supply CDVS 
for the tendon. FIG. 7 shoWs a volar vieW of FIG. 6 Wherein 
the epitendinous suture ES common to both the dorsal and 
volar vieW is shoWn. 

FIG. 8 shoWs the option A axial vieW and the option B 
axial vieW of the differently angled spikes from the tendon 
clips used together in FIGS. 6 and 7. 

FIG. 9 depicts a side vieW of the barbs or spikes from the 
clip of option A, Wherein the barbs are disposed at a 45° 
angle and the direction of the arroW shoWs the line of tension 
in the tendon, and a side vieW of the spikes of the option B 
tendon clip, Wherein the angled spikes are curved, and the 
line of tension in the tendon is shoWn by the direction of the 
arroW. 

In general, the sequence of application of the tendon 
repair clip implant of the invention, given the recent research 
on volar or dorsal suture placement, is applied to the dorsal 
aspect of the tendon for greatest bene?t. HoWever, if the 
anatomy or area of application makes this difficult, volar 
placement may be employed. 

In the application of the tendon repair clip implant, the 
beginning step is to expose the cut ends of the tendons T by 
at least 1—1.5 centimeters, Whereupon the edges of the 
tendons are trimmed back to healthy tendons if the ends are 
frayed, as can be seen in FIG. 10. After preparation of the 
tendon ends, the tendon is siZed and the appropriate siZed 
clip C is then applied. The Width of the tendon should equal 
the Width of the clip prior to crimping, and the tendon clip 
is placed on the dorsal surface of each tendon end approxi 
mately 3—5 millimeters from the end of the tendon, as shoWn 
in FIG. 10. 

The ?rst set of prongs or serrated sections and alternate 
prongs thereafter are crimped until they engage and pen 
etrate the volar surface VS of the tendon, as shoWn in FIG. 
11. Next, the second set of prongs or serrated sections and 
their alternates are crimped in like manner as the ?rst to 
obtain fully crimped prongs as shoWn in FIG. 12. By 
separately crimping alternate prongs, the prongs Will grab or 
engage different bundles of collagen ?bers to provide a 
better grip on the tendon and pull the tendon into the 
multiple locking spikes on its dorsal surface. 

After crimping, the core suture CS is placed starting at the 
cut surface of one of the ends of the tendon as shoWn in FIG. 
15. The ?rst throW should enter the cut surface midWay 
betWeen the volar and dorsal surfaces of the tendon on one 
side, Whereupon the suture is passed up through the suture 
hole in the tendon clip on the same side, as depicted in FIG. 
15. Next, as can be seen in FIG. 16, the suture is passed 
doWn through the suture hole on the other side of the same 
clip and brought out through the cut end of the tendon again. 
The same procedure is folloWed on the other end matching 
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the cut ends so that the suture goes straight across the 
opposite tendon end. The suture ends should end up on the 
same side of the tendon in the gap betWeen the ends, as can 
best be seen in FIG. 17. The suture is then tied tight enough 
to bring the cut ends together With a very slight buckle of the 
?bers. In this connection, it should be noted that the suture 
must not be tied too tightly so that the ends are bunched-up, 
because such bunching Will shorten the tendons too much. 
Thereafter, a secure knot K is tied in the tendon, as can be 
seen in FIG. 18. It should be noted that the knot Will be in 
betWeen the cut ends using this technique. Alternately, the 
suture can be placed such that the knot is tied at any place 
along this suture path. Also, tWo sutures can be used, one in 
each end, but this requires tWo knots (one on each side) 
Which could make the repair someWhat bulky. 

While any Well knoWn suture siZe Will suffice, it is 
preferred that a 2-0 or 3-0 siZed permanent suture is the most 
appropriate siZe to provide suf?cient strength for the core 
suture. 

While the apparatus and method of the invention have 
been described With reference to preferred embodiments, it 
Will be apparent to those skilled in the art that changes and 
modi?cations may be made to the invention Without depart 
ing from the spirit and scope of the invention. 

I claim: 
1. A tendon repair clip implant system for placement on 

the dorsal side of a lacerated or torn tendon to alloW active 
range of motion post tendon repair, comprising: 

a ?rst and second clip, each clip comprising: 
i) tWo serrated sections joined by integral connecting 

means; said serrated sections being urgeable together 
to provide opposing mating teeth connection by 
arcuate bending longitudinally around an axis of said 
connecting means; 

ii) said repair clip further comprising tWo relatively ?at 
surfaces adjoining said connecting means and having 
opening means therein through Which sutures may be 
threaded and draWn through a lacerated tendon and 
knotted to hold said tendon together; said openings 
being centered betWeen a plurality of spike means 
extending from undersides of said ?at surfaces to 
function as tendon inserts to assist in holding the 
lacerated tendon together; A) said connecting means 
being an elevated hinged section relative to said tWo 
?at surfaces; and B) said spike means on said ?rst 
and said second clips extend from said undersides of 
said ?at surfaces at different angles. 

2. The tendon repair clip implant system of claim 1 
Wherein said spike means of said second clip is curved in 
relation to the spike means of said ?rst clip. 

3. The tendon repair clip implant system of claim 1 
Wherein said plurality of spike means extending from the 

10 

15 

20 

25 

30 

35 

40 

45 

8 
undersides of said ?at surfaces are intratendinous prongs 
con?gured to hold the tendon so that the tendon is not 
crushed or strangulated of its blood supply as the tendon is 
pulled around a pully/bone along its course. 

4. The tendon repair clip implant system of claim 1 
Wherein said elevated hinged section is of suf?cient height 
that it does not interfere With or obstruct blood How of the 
central artery and veins. 

5. The tendon repair clip implant system of claim 1 
formed of materials selected from the group consisting of 
titanium and surgical steel. 

6. In combination, the tendon repair clip implant system 
of claim 1 in place around a joined lacerated tendon. 

7. A method for repairing a lacerated tendon to alloW 
active range of motion, comprising: 
A) exposing the ends of lacerated tendons and trimming 

the ends of any frayed tendons back to healthy; 

B) applying an appropriate siZed clip from said ?rst and 
second clips of said tendon repair clip implant system 
of claim 1 so that the Width of the tendon is equal to the 
Width of the clip prior to crimping, by placing the clip 
on the dorsal surface in proximity to the end of each 

tendon; 
C) crimping a ?rst set of serrated sections until they 

engage and penetrate the volar surface of the tendon, 
and crimping an alternate set of serrated sections to 
engage and penetrate additional volar surfaces of the 
tendon; 

D) placing a core suture starting at a ?rst cut surface of 
one of the tendon ends so that the ?rst throW enters said 
cut surface about mid-Way betWeen the volar and dorsal 
surfaces of the tendon on one side, passing the suture 
up through the suture hole in said tendon clip on the 
same side, passing the suture doWn through the suture 
hole on the opposite side of the same clip and bringing 
the suture out through the cut end of the tendon; 

E) applying the procedure in step D) to a cut surface 
opposite the ?rst cut surface so that the suture ends up 
on the same side of the tendon in a gap betWeen the 

ends; and 
F) pulling the suture tight enough to bring the cut ends 

together With a slight buckle of the ?bers, and tying a 
secure knot in proximity to the juncture in the tendon. 

8. The method of the claim 7, Wherein a siZed 2-0 to 3-0 
permanent suture is used. 

9. The method of claim 7, Wherein in step A), the ends of 
the lacerated tendons are exposed for at least 1 to about 1.5 
centimeters. 


